Sulphatides are sulphate esters of galactocerebrosides that are present on the surfaces of many cell types and act as specific ligands to selectins. The present study was undertaken to investigate the effect of sulphatides on polymorphonuclear granulocyte (PMN) attachment, spreading and 5-lipoxygenase (5-LO) metabolism. Sulphatides, but not non-sulphated galactocerebrosides, dose-dependently enhanced attachment to collagen, as measured by the myeloperoxidase assay. Studies with blocking antibodies indicated that the increased attachment was mediated by CD11b\CD18 (Mac-1) β2 integrin. Scanning electron microscopy indicated that sulphatides also greatly enhanced the degree of cell spreading. In PMNs treated in suspension, sulphatides had no effect on the ionophore A23187-stimulated release of arachidonic acid and the synthesis of 5-LO metabolites. In contrast, in PMNs attached to collagen, the enzymic conversion of arachidonic acid by 5-LO was inhibited by sulphatides.
INTRODUCTION
The sulphated forms of galactocerebrosides (sulphatides) have been established as ligands for the selectin family of adhesion molecules [1] . Sulphatides, which are expressed on the surface of many cell types, are 3-sulphated galactosyl ceramides that bear heterogeneous fatty acyl substitution on the sphingosine moiety [2] . The galactolipids galactocerebroside and sulphatide are among the most prevalent molecules in the myelin sheath. Sulphatides are expressed on the plasma membrane and excreted by both myeloid and tumour cells [3] .
Sulphatides have been shown to avidly bind to selectins. The physiological significance of ligation of sulphatides and selectins is not clear. Previously it was shown that sulphatides induce reactive oxygen species (ROS) formation in polymorphonuclear granulocytes (PMNs) [4] . Sulphatides are known to enhance the expression of tumour necrosis factor, interleukin 8 and interleukin-1β in human monocytes [5] . Sulphatides trigger an increase of cytosolic calcium in human PMNs [6] , but without additional stimuli they were unable to induce leukotriene (LT) synthesis (G. F. Sud'ina and M. A. Pushkareva, unpublished work) in the cells. In this report, activation of L-selectins by sulphatides changed the further responses of the PMNs. We found that sulphatides dramatically and specifically increased attachment and spreading of PMNs on collagen-coated surfaces, interfered with ionophore-induced translocation of 5-lipoxygenase (5-LO)
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Inhibition of 5-LO metabolism by sulphatides was observed even in the presence of exogenous substrate, suggesting that sulphatides directly inhibited 5-LO action. Consistent with this, sulphatides interfered with ionophore-induced translocation of the 5-LO to the nuclear envelope. Substances competing with sulphatide binding to cells, like dextran sulphate, or a strong inhibitor of cell spreading, like the actin-polymerizing agent jasplakinolide, prevented the effects of sulphatides on PMN attachment and spreading and leukotriene synthesis. We conclude that shape changes occurring in response to sulphatides specifically impair PMN leukotriene synthesis by inhibiting translocation of 5-LO.
with magnesium but without calcium, human serum albumin (HSA) and cytochrome c were purchased from Sigma (Deisenhofen, Germany).
PMN leucocyte isolation
PMNs were isolated from freshly drawn citrate-anti-coagulated donor blood. Leucocyte-rich plasma was prepared by 0.75 % dextran T-500 sedimentation of erythrocytes at room temperature. Granulocytes were prepared from leucocyte-rich plasma by density-gradient centrifugation on a bilayer gradient of FicollPaque (densities, 1.077 and 1.123 g\ml). Granulocytes were washed twice in PBS, resuspended at 10(\ml in Dulbecco's PBS without CaCl # , and stored at room temperature.
Preparation of collagen or fibronectin surfaces for leucocyte adhesion
Plastic tissue-culture 24-well plates or 75 cm# culture flasks were coated with 75 µg\ml type I collagen or 15 µg\ml fibronectin for 24 h. Before use they were incubated for 1.5 h in PBS with 0.2 % HSA, and then were thoroughly washed with PBS.
Scanning electron microscopy
PMNs on collagen or fibronectin were incubated for 30 min in HBSS\10 mM Hepes medium with the compound tested (50 µg\ml sulphatides and\or 1 µM jasplakinolide) or without additives (controls). For scanning electron microscopy the cells were fixed in 2.5 % glutaraldehyde, dehydrated in graded ethanol (10-100 %) and processed by conventional scanning-electronmicroscopic techniques.
Cell spreading
Cell spreading was characterized by cell area [7, 8] and determined by the measurement of mean diameter of PMNs on phasecontrast microscopic and scanning electron microscopic images of the cells.
Indirect immunofluorescent microscopy
PMNs on collagen were incubated for 30 min in HBSS\10 mM Hepes medium with the compound tested (50 µg\ml sulphatides and\or 1 µM jasplakinolide) or with vehicle (controls). For staining, cells were prepared as described in [9] . Briefly, cells were fixed in 4 % paraformaldehyde, permeabilized with 0.1 % Triton X-100 in PBS, blocked with blocking solution (10 % non-immune goat serum and 1 % BSA in PBS) and probed with a rabbit polyclonal antibody raised against purified human leucocyte 5-LO (a generous gift from Dr J. Evans, Merck Frosst Center for Therapeutic Research, Dorval, Quebec, Canada) [10] . After washing with blocking solution the primary antibody was labelled with FITC-conjugated goat anti-rabbit antibody and DNA was stained with diamidino-2-phenylindole. Fluorescence was detected with a Nikon Eclipse E600 microscope equipped for epifluorescence and imaged with a SPOT RT digital camera. 
Incubations for studies of AA metabolism

Lipoxygenase product analysis
The water\methanol extracts were purified by solid-phase extraction using C ") Sep-Paks. The purified samples were injected into a 5 µm nucleosil C ") column (250 mmi4.6 mm ; Bischoff Chromatography, Leonberg, Germany) and chromatographed by reversed-phase HPLC. The products were eluted at 0.7 ml\ min in a linear gradient from 30 to 100 % solvent B : the eluents consisted of methanol\acetonitrile\water\acetic acid\ triethylamine in the ratios (solvent A) 10\10\80\0.05\0.08 and (solvent B) 50\50\0\0.05\0.08, and elution was monitored using a UV detector at 280 nm and 250 nm as well as a radiochemical detector with solid scintillator. Products of the 5-LO pathway that were measured included leukotriene 
PMN adhesion assay
Myeloperoxidase activity was used to measure PMN attachment under static conditions to collagen or fibronectin adsorbed on to plastic surfaces. PMNs (5i10&\well) were added to a proteincoated 24-well culture plate in 500 µl of HBSS\Hepes medium. After 30 min of incubation in a CO # incubator at 37 mC to allow leucocyte adherence, wells were washed twice with 500 µl of PBS solution, for removal of non-adherent PMNs. The extent of adherence was measured after the addition of detergent and a myeloperoxidase substrate, as described in [11, 12] . A solution (300 µl) of 5.5 mM o-phenylenediamine and 4 mM H # O # in buffer (67 mM Na # HPO % , 35 mM citric acid and 0.1 % Triton X-100, pH 5) was added to each well, and after 4 min the reaction was stopped by the addition of an equal volume of 1 M H # SO % . Standard dilutions of PMNs with or without tested compounds were used for calibration.
For monoclonal-antibody-inhibition experiments, PMNs were pre-incubated with 5 % heat-inactivated human serum to block Fc receptors. This improved inhibition of attachment with blocking monoclonal antibodies but did not affect attachment itself (results not shown). PMNs at 10(\ml in Dulbecco's PBS with 0.2 % heat-inactivated HSA were incubated with antibodies (20 µg\ml) for 30 min at room temperature prior to their dilution with medium (HBSS with 0.2 % HSA) and addition to the microtitre wells.
Superoxide measurement
PMN incubations on collagen-and fibronectin-coated surfaces were performed as described for PMN adhesion. Before addition of PMNs 50 µM cytochrome c was added to the medium, and the plates were incubated at 37 mC for 60 min. The incubation was stopped by cooling to j4 mC, and cytochrome c reduction was measured as the increase in ∆550\535 absorbance. Reduction of 10 µM cytochrome c produced an increase in ∆550\535 absorbance (the change in the ratio of absorbances at 550 and 535 nm) of 0.18 absorbance unit.
RESULTS
Effects of sulphatides were investigated in PMN incubations on collagen-and fibronectin-coated plastic surfaces. Equal numbers of PMNs were added to culture flasks coated by the proteins. After 30 min of incubation at 37 mC a different degree of cell attachment was observed depending on the surface (Figure 1 ). Sulphatides dramatically increased attachment of PMNs to collagen. Attachment was enhanced in a concentration-dependent manner and also specifically ; non-sulphated galactocerebrosides had no effect on attachment ( Figure 1 ). Sulphatides increased PMN attachment in all cases : when added to the medium in culture dishes before PMNs, when added to the cells being in contact with the surface and when PMNs were separately pretreated with sulphatides before their addition to the surface (Table 1) . When sulphatides were added to cells preloaded on to a collagen-coated plate (see scheme 2 in Table 1 ), the effects of the sulphatides were time-dependent, with 5 min being suboptimal. So, sulphatides binding to PMNs but not to the collagencoated surface constitutes the critical step in the sulphatides' effects.
The effect of sulphatides on PMN attachment to the surfaces depended on the presence of extracellular matrix substrates. Sulphatides had no effect on the adhesion of PMNs to plastic.
Figure 1 Sulphatides stimulate PMN attachment to collagen and fibronectin
(A) The effect of sulphatides and galactocerebrosides on PMN attachment to collagen-and fibronectin (Fn)-coated plastic surface. Suspensions of PMNs (10 6 /ml) were incubated on various biological surfaces with or without 50 µg/ml sulphatides or 50 µg/ml galactocerebrosides in incubation medium. After 30 min at 37 mC, non-adherent leucocytes were washed out by rinsing. PMN attachment has been expressed as a percentage of PMNs adhered in relation to the total number of PMNs added. (B) Suspensions of PMNs (10 6 /ml) incubated on collagen-or fibronectin-coated surfaces with different concentrations of sulphatides in incubation medium.
Table 1 Effect of 50 µg/ml sulphatides on PMN attachment to collagen
Three different schemes of sulphatide addition were used. Scheme 1, sulphatides added to the HBSS medium in a collagen-coated culture plate before the addition of PMNs ; scheme 2, sulphatides added to the cells loaded on to a collagen-coated culture plate ; scheme 3, PMNs pretreated separately with sulphatides (15 min at 37 mC) before the addition of the cells to a collagen-coated plate. The percentage of adherent cells was determined after 30 min of incubation of PMNs at 37 mC on collagen and washing of non-adherent cells.
Mode of sulphatide addition PMN attachment ( % of added cells) Control, no sulphatides 7p2 Scheme 1 68p8 Scheme 2 30 min with sulphatides 63p7 10 min on collagen before sulphatidesj20 min with sulphatides 58p8 15 min on collagen before sulphatidesj15 min with sulphatides 56p5 25 min on collagen before sulphatidesj5 min with sulphatides 31p5 Scheme 3 57p6
Without extracellular matrix proteins, a very high degree (80-90 %) of PMN attachment to the surface was observed regardless of the presence or absence of sulphatides in the medium (results not shown). Collagen and fibronectin protected PMNs from activation by the plastic surface.
To assess the effect of sulphatides on cell spreading, we employed scanning electron microscopy of the cells. Neutrophils did not spread on to a collagen-coated surface. Sulphatides induced strong spreading with many extensions overlapping the
Figure 2 Scanning electron microscopy appearance of PMNs on collagen (Coll) and fibronectin (Fn)
Neutrophils (10 6 /ml) in HBSS/Hepes medium were plated on protein-coated coverslips and incubated for 30 min at 37 mC in the medium (con), or with 50 µg/ml sulphatides (S), 1 µM jasplakinolide (J) or 50 µg/ml sulphatidesj1 µM jasplakinolide (SjJ). In the samples Coll F and Fn F neutrophils were plated on collagen and fibronectin at higher cell density, 2i10 6 /ml. Scale bar, 10 µm.
Table 2 Effect of antibodies to integrins, L-selectin and ICAM-3 (intercellular cell-adhesion molecule 3) on PMN attachment to collagen-coated surface
The cells were pretreated with 20 µg/ml of monoclonal non-immune IgG1 (control) or with 20 µg/ml of monoclonal antibodies against integrins CD11a, CD11b, CD11c, CD18 ( β2), CD29 ( β1) and against L-selectin and ICAM-3. Non-immune antibodies, used as a negative control, had no effect on PMN attachment. Attachment was measured as described in the 
surface and forming long distance cell-cell contacts with neighbouring cells (Figure 2 ). Mean cell diameter increased from 8.8p0.5 µm without sulphatides to 15.5p0.5 µm with 50 µg\ml sulphatides, which corresponded to an increase in cell area from 61 µm# to 189 µm#. The actin-polymerizing agent jasplakinolide inhibited the effect of sulphatides on PMN spreading. On fibronectin-coated surfaces PMN attachment was higher, sulphatides increased the attachment (Figure 1 ), improved spreading (increasing cell diameter from 9.45p1.3 µm to 12.5p0.3 µm) and induced formation of long-distance extensions to neighbouring cells (Figure 2 ). Attachment of PMNs to collagen in the absence of sulphatides was inhibited by antibodies to CD11a, CD11b, CD29 ( β1 integrin) and CD18 but not L-selectin and CD11c, with the most potent inhibition achieved by anti-CD18 and anti-CD11 or anti-CD29 combined with anti-CD18 ( Table 2 ). The sulphatideinduced spreading process resulted in binding that was inhibited by monoclonal antibodies to CD11b and CD18 and also L-selectin, but was insensitive to antibodies to CD11a, CD11c and CD29 ( β1 integrin ; Table 2 ). Sulphatide-induced binding was very sensitive to anti-CD18 antibodies, and obviously was mediated by CD11b\CD18 (Mac-1) β2 integrin. ICAM-3 (intercellular adhesion molecule 3) did not mediate sulphatideinduced attachment, although monoclonal antibodies to ICAM-3 stimulated adhesion to collagen in control treatments.
LT synthesis stimulated by the calcium ionophore A23187, evaluated as the sum of all products of the 5-LO pathway, including LTB % , 5-HETE, ω-OH-and ω-COOH-LTB % , and iso-LTB % , in PMNs was inhibited after treatment with sulphatides depending on the time of the treatment ( Figure 3A ). Sulphatides had the most substantial effects on incubations on collagenor fibronectin-coated surfaces, with insignificant effects on PMNs in suspension ( Figure 3B ). In the incubations on a plastic surface, LT synthesis was markedly diminished and sulphatides had no effect on A23187-stimulated LT formation. Thus the effect of sulphatides depended on the presence of extracellular matrix substrates (Figure 3) .
In PMN-collagen interactions, the release of the sum of labelled eicosanoids plus AA in sulphatide-treated cells was not inhibited (Figure 4A ), but the formation of all individual LTs was suppressed, with maximal inhibition of iso-LTB % formation (Table 3) . Also, the addition of exogenous AA (24 µM) could not overcome the loss in the 5-LO-product-formation capacity observed after 30 min of incubation with sulphatides on a collagen-coated surface ( Figure 4B ). In the presence of exogenous AA, it appeared that the inhibition of 5-HETE synthesis was greater than that of the LTs. These results indicate that the enzymic conversion of AA by 5-LO (and possibly also by LTA % -hydrolase) was inhibited.
Next, we attempted to find pharmacological agents or treatments capable of selectively eliminating sulphatide-induced effects on PMN adhesion and LT synthesis in order to understand the biochemical basis of this activity. Sulphatides significantly increased the production of ROS, as indicated by an increase in cytochrome c reduction capacity (Table 4) .
Decreased 5-LO product formation could result from oxidative degradation of some metabolites or inactivation of enzymes in this pathway, i.e. sulphatide-induced ROS formation in PMNs. We tested the abilities of diphenylene iodonium (DPI), adenosine, erythro-9-(2-hydroxy-3-nonyl)adenine (EHNA), dextran sulphate and jasplakinolide to block the effects of sulphatides on PMN attachment, ROS formation and LT synthesis. DPI, adenosine and EHNA potently blocked sulphatide-induced ROS production, but we did not observe restoration of 5-LO activity by the inhibition of ROS formation (Table 4) . Inhibition of LT synthesis obviously did not correlate with the degree of ROS formation. However, when sulphatide-induced PMN attachment was blocked by either dextran sulphate or jasplakinolide, the inhibition of LT synthesis by sulphatides was also blocked ( Table 4) .
The experiments with jasplakinolide and dextran sulphate reversal of the sulphatide-induced inhibition of LT synthesis proved that the enzyme remained active. Substances competing with sulphatides in binding to cells, like dextran sulphate or the strong inhibitor of spreading jasplakinolide, prevented sulphatide-induced attachment and inhibition of LT synthesis (Table 4 ). There was a clear correlation with PMN spreading : the data on PMN interactions with fibronectin-coated surfaces showed substantial inhibition of LT synthesis by sulphatides on fibronectin-coated surfaces ( Figure 3 ) and a moderate effect of Effect of sulphatides and galactocerebrosides on LT synthesis in PMNs interacting with collagen-coated, fibronectin-coated (Fn) or plastic surfaces and in suspension in siliconized vessels. PMNs were incubated for 30 min on the indicated surface or in vessels with medium (control), 50 µg/ml sulphatides or 50 µg/ml galactocerebrosides, and then stimulated for 20 min with 2 µM A23187.
sulphatides on PMN attachment (Figure 1) , and obviously increased PMN spreading and induced cell-cell interactions (Figure 2) .
To assess the effect of sulphatides on 5-LO localization in PMNs, cells were treated with sulphatides and the effect of this treatment on 5-LO localization and translocation in response to the stimulation by calcium ionophore A23187 was examined. In adherent PMNs, 5-LO is soluble and is found in the nucleoplasm [13] . There was no effect of sulphatides on 5-LO localization in resting PMNs ( Figure 5 ). In PMNs stimulated with A23187, 5-LO was abundantly evident at the nuclear envelope ( Figure 5 ). However, sulphatides blocked the movement of 5-LO to the nuclear membrane when the cells were stimulated with A23187. This type of '' translocation ' is thought to be critical for 5-LO to get its substrate for metabolism. Jasplakinolide eliminated the effect of sulphatides on the 5-LO translocation, though jasplakinolide induced an odd, distorted morphology in the cells (results not shown).
DISCUSSION
It has previously been shown that adherence alone can alter AA metabolism in PMNs and eosinophils [13, 14] . Using substances influencing PMN attachment, it was found that the ecto-ATPase inhibitor and chemotherapeutic drug suramin stimulated PMN attachment to EAhy926 and ECV304 cell monolayers and to collagen-coated surfaces [15] and in parallel inhibited the biosynthesis of LTs [16] . In the present study we demonstrate that specific ligands for selectins, sulphatides, dramatically increase spreading of PMNs on a collagen-coated surface and suppress 5-LO metabolite generation in PMNs. Notably, the inhibitory effect of sulphatides on 5-LO metabolism was negligible in suspension, in the absence of a collagen-coated surface. Our data on sulphatide-induced inhibition of LT synthesis in PMNs are consistent with the inhibition of LTC % synthesis caused by adherence in human blood eosinophils [14] . It was demonstrated that, in eosinophils, the inhibitory effect of adherence on LTC % generation was at the level of 5-LO and not at the level of LTC % synthase or AA release. In eosinophils, this inhibition was attributable to a failure of 5-LO to translocate to the nuclear envelope following cell stimulation [14] . The present study has also shown that inhibition of LTB % synthesis, resulting here from sulphatide-induced spreading, can be attributed to inhibition of movement of 5-LO to the nuclear membrane when the cells were stimulated with A23187.
Our current study presents results on the reversibility of the effects of sulphatides, both on adhesion and 5-LO product formation. Our findings point to a correlation between the spreading and 5-LO inhibition. We used two kinds of effectors for this reversal : the sulphated polysaccharide dextran sulphate, a competitor of sulphatides binding to the cells, and the actinpolymerizing agent jasplakinolide. High-molecular-mass glucan sulphates are known to decrease cell adhesion to collagen [17] and to inhibit binding of ligands to L-selectin [18] . Thus dextran sulphate reversed the effects of sulphatides by blocking cell adhesion and spreading, and this block was achieved extracellularly at the point of cell-collagen contact.
The action of jasplakinolide on sulphatide-induced PMN adhesion may be explained in several ways. Jasplakinolide has several known activities : it induces an increase in actin polymers [19] and inhibits filament disassembly [20] , with neutrophils becoming rigid and not adhesive in a flow-based adhesion assay [21] . Jasplakinolide can also induce protein ectodomain shedding from human neutrophils : the cell-surface expression of CD16, CD43, CD44 and L-selectin was down-regulated after induction of actin polymerization by jasplakinolide [22] . Sulphatides induced strong spreading of the cells on the surface, as confirmed by scanning electron microscopy. Jasplakinolide inhibited adhesion and spreading of PMNs on the surface, and also did it in sulphatide-treated cells.
In a static adhesion assay used in this work anti-L-selectin antibodies partly inhibited sulphatide-induced attachment. The adhesion was mostly inhibited by antibodies to β2 integrins. β1 Integrins are known as collagen and fibronectin receptors [23, 24] . The importance of β1 integrin-mediated binding to extracellular matrix molecules is well established for most types of leucocyte, with the exception of PMN. On neutrophils, the expression of β1 was found to be very low [25] , whereas the expression of β2 integrins is abundant [26] . According to our findings, sulphatideinduced spreading on collagen was mediated by Mac-1 β2 
Table 3 Effect of sulphatides on the formation of different LTs in A23187-stimulated PMNs on collagen-coated surfaces
Iso-LTB 4 represents the products of non-enzymic hydrolysis of LTA 4 ; sum of LTs represents the sum of all LTs, formed by enzymic conversion of LTA 4 (LTB 4 , ω-OH-LTB 4 and ω-COOH-LTB 4 ) and non-enzymic LTA 4 metabolism (iso-LTB 4 ). The cells were pretreated for 30 min at 37 mC without (control) or with 50 µg/ml sulphatides, and then stimulated for 20 min with 2 µM A23187. integrin, strongly inhibited by CD18 antibodies and totally inhibited by a combination of the antibodies to CD18 and CD11b. We cannot exclude a role for β1 integrin : adhesion of PMNs induced via binding and activation of β1 integrins is known to be dependent on β2 integrins and can be prevented by blocking monoclonal antibodies to β2 integrin CD11b\CD18 [27] . Sulphatide-induced L-selectin-mediated signalling directly stimulated neutrophil adhesive function via β2 integrins. β2
Integrins are constitutively expressed in a low-avidity state and require activation to mediate cell adhesion [28, 29] . It has been observed that L-selectin signals induce exocytosis of granules containing CD11b\CD18 accompanied by an increase in the adhesive function of Mac-1 (CD11b\CD18) β2 integrin [30] .
Later it was shown that the ligation and clustering of L-selectin results in spatial colocalization of L-selectin and the β2 integrin subunit CD18 [31] , which results in an increased adhesive affinity of β2 integrin.
An important finding of the current study is the link between sulphatide-induced spreading and the inhibition of LT synthesis. LT formation was inhibited after sulphatides were added, despite mobilization of AA being unaffected. Sulphatides interfered with ionophore-induced translocation of 5-LO to the nuclear envelope, but presumably not with ionophore-induced translocation of cytosolic phospholipase A # . This suggests that the cytoskeleton most likely plays an important role in this effect. Spreading is associated with extensive rearrangement of the actin cytoskeleton. It is assumed that translocation of 5-LO, and hence LT synthesis, requires the interaction of the enzyme with the cytoskeleton. 5-LO contains a Src homology 3 binding motif, which enables in itro interactions with cytoskeletal proteins [32] . However, additional studies will be required to elucidate relationships between 5-LO activity and interactions with cytoskeletal proteins.
A role for p38 kinase has been established in the phosphorylation and activation of the 5-LO enzyme [33] . Cross-linking of Lselectin induces phosphorylation of p38 mitogen-activated protein kinase (within several minutes) and enhances adhesive function of β2 integrins [34] . It has been shown recently that mitogen-activated protein kinase phosphatase (MKP-1) plays an important role in the down-regulation of p38 mitogen-activated protein kinase [35] . The role of sulphatides in phosphatase activation was first shown by Zambrano et al. [36, 37] . Spreading on a surface may further up-regulate phosphatases : it is known that cell-surface expression of receptor protein tyrosine phosphatase is enhanced in dense cell cultures, with shedding occurring in the absence of cell-cell contacts [38] . We can speculate that sulphatides down-regulate 5-LO activity and translocation via activation of cellular phosphatases. Preliminary data on the inhibition of phosphatases in neutrophils show partial restoration of LT synthesis in sulphatide-treated cells by the phosphatase inhibitor o-vanadate (results not shown). (DPI ; 10 µM), adenosine (1 mM), erythro-9-(2-hydroxy-3-nonyl)adenine (EHNA ; 10 µM) , dextran sulphate (0.5 mg/ml) and jasplakinolide (1 µM) on sulphatide (50 µg/ml)-induced attachment, superoxide production and LT synthesis
The percentage of adherent cells was determined after 30 min of incubation of PMNs at 37 mC on collagen and washing of non-adherent cells. Cytochrome c reduction was measured after 60 min of incubation of 10 6 PMNs/ml on a collagen-coated surface. For LT synthesis PMNs were incubated for 30 min on a collagen-coated surface without (control) or with 50 µg/ml sulphatides and then stimulated for 20 min with 2 µM A23187. Little is known about the physiological role of sulphatides in PMN function. Our data suggest that in association with effects on cell attachment and spreading, sulphatides reduce the formation of the potent chemoattractant and PMN activator, LTB % . Such mechanisms may help to explain the diminished accumulation of neutrophils in inflamed tissues that has been observed in studies in i o with these substances [39] [40] [41] .
